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$ &RHIILFLHQWGXHWRPHFKDQLFDOVWUHQJWK
% &RHIILFLHQWGXHWRDLULQWDNH
& &RHIILFLHQWGXHWRGUDJ
GHFHO)6 'HFHOHUDWLRQDYDLODEOHIRUWKHWUDLQLQEUDNLQJ
* $FFHOHUDWLRQRIJUDYLW\
K +HLJKW
3 6WHHSQHVVRIWKHVORSH
/UDPSD /HQJWKRIWKHXSZDUGVORSH
/ 7RWDOOHQJWKRIWKHURXWH
GLI$OW 'LIIHUHQFHLQKHLJKWEHWZHHQWKHHQGVRIWKHURXWH
,QWURGXFWLRQ
7KH VWHHSQHVV RI WKH OLQH RQ ERWK XSZDUG DQG GRZQZDUG VORSHV LV D SDUDPHWHU WKDW LQIOXHQFHV WKH
DYHUDJHVSHHGRIWUDLQVDQGKDVDQLQGLUHFWHIIHFWRQWKHLUHQHUJ\FRQVXPSWLRQ/ySH]3LWD$
7KLVSUREOHPGLGQRWH[LVWEHIRUH WKH LQWURGXFWLRQRI KLJKVSHHG LQ WKHZRUOGEHFDXVH HYHQ WKRXJK
FRQYHQWLRQDOOLQHVKDYHVWHHSJUDGLHQWVRQWKHLUVORSHVWKHWUDLQVSHHGZDVOLPLWHGE\WKHFXUYHUDGLLWKDW
H[LVWHG7KHVLQXRVLW\RI WKHFRQYHQWLRQDOQHWZRUNZKLFKSDVVHGDORQJPRXQWDLQVORSHV LQPRVWFDVHV
JHQHUDWHG VPDOO FXUYH UDGLL WKDW WKHUHE\ OLPLWHG PD[LPXP WUDLQ VSHHG RQ WKH GRZQZDUG VORSHV 7KH
FKDUDFWHULVWLFVRIKLJKVSHHGZKLFKVHHNVEURDGFXUYHUDGLLKDYHOHGWRWKHFRQVWUXFWLRQRIORQJHUWXQQHOV
DQGYLDGXFWVWKDWKHOSWRRYHUFRPHWKHGLIILFXOWLHVRIWKHWHUUDLQLQWXUQFUHDWLQJWUDLQVWKDWFDQUHDFKKLJK
PD[LPXPVSHHGVRQERWKOHYHOWUDFNDQGXSZDUGRUGRZQZDUGVORSHV
7KH WUDQVSRUW URXWHV EHWZHHQ %XELHFD DQG 7HUUHU =DUDJR]D VKRZQ EHORZ GLVSOD\V KRZ WKH
FRQYHQWLRQDO UDLOZD\ DQG URDGV ERWK WKH KLJKZD\ DQG FRQYHQWLRQDO URDGV KDYH DPXFKPRUH VLQXRXV
SURILOHWKDQWKHKLJKVSHHGOLQH

)LJ5DLOZD\DQGURDGURXWHVEHWZHHQ%XELHFDDQG7HUUHU6RXUFH/XLV(0HVD6DQWRV2Q*RRJOH(DUWKSKRWR

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$V D UHPLQGHU DERXW ULJLG ERG\ G\QDPLFV *DUFtD ÈOYDUH] $ D ZKHQ D YHKLFOH HQWHUV D
GRZQZDUGVORSHDWDFHUWDLQVSHHGDQGWULHVWRPDLQWDLQWKLVVSHHGLWPXVWDFWGLIIHUHQWO\DFFRUGLQJWRWKH
VWHHSQHVVRIWKHVORSH
x ,IWKHDFWXDOVORSHZKHUHLWLVORFDWHGLVOHVVWKDQWKHHTXLOLEULXPVORSHÁWKHYHKLFOHPXVWSXOOWR
PDLQWDLQLWVVSHHG
x ,IWKHDFWXDOVORSHFRLQFLGHVZLWKWKHHTXLOLEULXPVORSHWKHQLWLVQRWQHFHVVDU\WRSXOORUEUDNHWR
PDLQWDLQVSHHG
x ,IWKHDFWXDOVORSHLVJUHDWHUWKDQWKHHTXLOLEULXPVORSHWKHYHKLFOHPXVWEUDNHWRPDLQWDLQVSHHG
 
7KHUHIRUHWKHVSHHGORVWRUJDLQHGGHSHQGVODUJHO\RQWKHVWHHSQHVVRIWKHVORSH)RUH[DPSOHZLWKD
GRZQZDUGVORSHJUHDWHUWKDQWKHHTXLOLEULXPVORSHDVVKRZQLQWKHSUHYLRXVILJXUHVVSHHGLVJDLQHG,Q
IDFW IRU HYHU\  WKRXVDQGWKV WUDLQ DFFHOHUDWLRQ ZLOO LQFUHDVH RU GHFUHDVH E\  PV GHSHQGLQJ RQ
ZKHWKHUWKRVHWKRXVDQGWKVDUHRQXSZDUGRUGRZQZDUGVORSHV$VWHHSVORSHZLWKDORZVSHHGIRUFHV
WKHEUDNHWREHXVHG
7KHIDFWWKDWDFFHOHUDWLRQLQFUHDVHVPHDQVWKHUHLVDVSHHGYDULDWLRQLQWKHV\VWHPLHLWPHDQVWKDWWKH
WUDLQVSHHGLQFUHDVHLQ
7KHPD[LPXPVSHHGDWZKLFKWKHWUDLQFDQUXQLVGHWHUPLQHGJUDSKLFDOO\E\WKHLQWHUVHFWLRQEHWZHHQ
WKHPD[LPXPWUDFWLYHHIIRUWFXUYHDQGWKHGUDJRQWKHXSZDUGVORSHZKHUHLWLVORFDWHG*RQ]iOH])UDQFR
	*DUFtDÈOYDUH]
$7DOJR FODVV  KLJKVSHHG WUDLQ LV VKRZQ DV DQ H[DPSOH7KH SRLQW RI LQWHUVHFWLRQ EHWZHHQ WKH
PD[LPXPWUDFWLYHHIIRUWFXUYHDQGWKHGUDJFXUYHRQDVORSHRIPPPFRUUHVSRQGVWRNPKZKHQ
XVLQJDWUDFWLYHHIIRUWRIN1DWWKDWVSHHG
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)LJ&KDUDFWHULVWLFFXUYHRIWKHK\EULGWUDLQLQWKH7DOJR%RPEDUGLHUFODVV6RXUFH7DOJRDQG))(
7KHUHIRUH HDFK XSZDUG YDOXH FRUUHVSRQGV WR D PD[LPXP SRVVLEOH VSHHG DQG VLPLODUO\ IRU HDFK
PD[LPXPVSHHGWKHUHLVDQXSZDUGVORSHZKHUHLWFDQEHPDLQWDLQHG

7KHDFWXDOVORSHLVDQ\VORSHRQZKLFKDYHKLFOHUXQVRQDJLYHQVHFWLRQXVXDOO\H[SUHVVHGRQWKHUDLOZD\LQPLOOLPHWUHVSHU
PHWUHPPP
Á7KH HTXLOLEULXP VORSH IRU D FHUWDLQ VSHHG IRU H[DPSOH WKHPD[LPXP WUDLQ VSHHG LV WKH RQH DWZKLFK WKH IRUFH RI JUDYLW\
HTXDOVWKHUHVLVWDQFHIRUFHGUDJDQGWKHWUDLQLVLQHTXLOLEULXPDQGWKHUHIRUHPDLQWDLQVLWVUXQQLQJVSHHG7KHHTXLOLEULXPVORSHLV
GLIIHUHQWIRUHDFKWUDLQDQGIRUHDFKVSHHG
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$VVKRZQLQ WKH ILJXUH WKLV WUDLQFDQUHDFKVSHHGVRINPKRQ OHYHO WUDFNZLWKDQHIIRUWRI
N1RUHYHQRQDVORSHRIPPPLWFRXOGUHDFKDVSHHGRINPKZLWKDQHIIRUWRIN1
6RVHYHUDOTXHVWLRQVDULVH:KDWLVWKHUHDVRQZK\WKLVWUDLQFDQQRWUXQDWDVSHHGH[FHHGLQJNPK
RQOHYHOWUDFNVHFWLRQVRUGRZQZDUGVORSHV"2UZK\OLPLWWKHVSHHGWRNPKLILWKDVHQRXJKEUDNLQJ
DQG PHHWV WKH G\QDPLF FRQGLWLRQV HVWDEOLVKHG E\ WKH 76, LQ $UWLFOH  OLPLWV RQ WKH G\QDPLF
EHKDYLRXURIUROOLQJVWRFNIRUUXQQLQJVDIHW\"
0HWKRGRORJ\HPSOR\HGLQFDOFXODWLQJWKHHQHUJ\XVHGLQWKHPRYHPHQWRIWUDLQV
,QPRYLQJDQGUHJDUGOHVVRIHQHUJ\FRQVXPSWLRQIRUDQFLOODU\VHUYLFHVWUDLQVPDLQO\UHFHLYHHQHUJ\
*DUFtDÈOYDUH]$E
x 7RRYHUFRPHWKHGUDJZKLFKDVVWDWHGDERYHGHSHQGVRQWKHWUDLQPDVVLWVVSHHGLILWLVUXQQLQJ
LQWKHRSHQDLURULQWXQQHOVFXUYHVWKHDPRXQWRIDLUHQWHULQJWKHWUDLQDQGZLQG
x 7RLQFUHDVHVSHHGERWKDWWKHVWDUWRIWKHWULSDQGDIWHUHDFKVWRSDQGLQJHQHUDODWHDFKRIWKH
SRLQWVZKHUHVSHHGLVLQFUHDVHG
x 7RLQFUHDVHLWVKHLJKWZKHQHYHUWKHWUDLQ WUDYHOVRQDQXSZDUGVORSH LWVKHLJKWLQFUHDVHVDQGLW
FRQVHTXHQWO\UHFHLYHVHQHUJ\VWRUHGLQWKHIRUPRISRWHQWLDOHQHUJ\
%\FRQWUDVWWUDLQVORVHHQHUJ\
x :KHQ WKH\VORZGRZQERWKDW D VWRSDQGZKHQHYHU WKH WUDLQFKDQJHV IURPDKLJKHU VSHHG WRD
VORZHUVSHHG
x :KHQLWORVHVKHLJKWGXHWRUXQQLQJRQDVORSHEHFDXVHWKHSRWHQWLDOHQHUJ\GHFUHDVHVLQWKLVFDVH
,WVKRXOGEHQRWHGWKDWXVHIXOHQHUJ\FRQVXPSWLRQFDQRFFXULQVHYHUDOSKDVHVRUVWDJHVRIWKHYHKLFOH
HQHUJ\XVHF\FOH*DUFtDÈOYDUH]$	0DUWtQ&DxL]DUHV0GHO3
2IWKHVHWKHPRVWLPSRUWDQWRQHLVZKHQWKHYHKLFOHLVPRYLQJIRUWUDQVSRUW
7KHHQHUJ\FRQVXPHGE\DYHKLFOHIRULWVPRYHPHQWFDQEHFDOFXODWHG
x %\LQWHJUDWLQJWKHIRUFHVDFWLQJRQLWDWDQ\WLPH
x %\WKHHQHUJ\EDODQFHRQDURXWH
7KHILUVWDSSURDFKLVPRUHDFFXUDWHDQGPRUHXVHIXOIRUWKHGHVLJQRIHFRQRPLFGULYLQJRUIRUVL]LQJ
WKHHOHFWULFDOV\VWHPJHQHUDOO\IRUDQ\SURFHVVWKDWUHTXLUHVNQRZOHGJHRILQVWDQWDQHRXVFRQVXPSWLRQ
EXWLWGRHVQRWSURYLGHDQ\LQIRUPDWLRQRQWKHEUHDNGRZQRIFRQVXPSWLRQEHWZHHQHDFKRIWKHFDXVHVWKDW
SURGXFHLWPDNLQJLWGLIILFXOWWRFRPSDUHHQHUJ\EHWZHHQGLIIHUHQWPRGHVRIWUDQVSRUWZKLFKLVSUHFLVHO\
WKHDGYDQWDJHRIWKHVHFRQGSURFHGXUHDQGWKHUHDVRQZHZLOOXVHWKLVPHWKRGRIHQHUJ\EDODQFH
,Q WKH VHFRQG DSSURDFK HQHUJ\ EDODQFH LQ RUGHU WR FDOFXODWH WKH WRWDO HQHUJ\ VXSSOLHG WR WKH
YHKLFOHDURXQGWULSLVVWXGLHGZLWKWKHYHKLFOHDWWKHVWDUWDQGDWWKHILQDOVWRSLQLWLDODQGILQDOVSHHGRI
]HUR7KXVWKHSRWHQWLDOHQHUJ\RYHUWKHZKROHURXWHGRHVQRWFKDQJHWKHYHKLFOHKDVJDLQHGWKHVDPH
KHLJKWDVLWKDVORVWQRUGRHVWKHNLQHWLFHQHUJ\FKDQJH6RWKHUHLVQRFKDQJHLQWKHDPRXQWRIHQHUJ\
VWRUHGLQWKHYHKLFOHLQWKHHQWLUHURXQGWULSDQGWKHHQHUJ\WKDWKDVHQWHUHGWKHYHKLFOHSOXVORVVHVLV
WKHUHIRUHHTXDO WR WKHDPRXQW OHDYLQJDQG WKHHQHUJ\ WKDW KDVHQWHUHG ILQDOHQHUJ\FDQEHFDOFXODWHG
WKURXJKWKHHQHUJ\WKDWKDVOHIWXVHIXOHQHUJ\
,W LV SUHIHUDEOH WR FDOFXODWH WKH XVHIXO HQHUJ\ HQHUJ\ WKDW OHDYHV WKH YHKLFOH DOVR FDOOHG SRZHU DW
ZKHHOULP XVHG E\ WKH YHKLFOH DQG WR WKHQ DGG WKH ORVV WR GHWHUPLQH WKH ILQDO HQHUJ\ WKDW KDV EHHQ
FRQVXPHGRQ WKH WULS UDWKHU WKDQ WKHRWKHUZD\ URXQGHVWLPDWLQJ WKHHQHUJ\HQWHULQJ WKHYHKLFOHDQG
EDVHGRQWKLVGDWDFDOFXODWLQJWKHHQHUJ\WKDWOHDYHVLW
(QHUJ\ OHDYLQJ WKH YHKLFOH LV WKH HQHUJ\ UHTXLUHG WR RYHUFRPH GUDJ SOXV WKDW ZKLFK KDV EHHQ
GLVVLSDWHGRUUHJHQHUDWHGLQWKHEUDNLQJSURFHVVHV7KHEUDNLQJSURFHVVHVFDQEHGHVLJQHGWRUHGXFHWKH
NLQHWLFHQHUJ\RIWKHWUDLQDSSURDFKLQJDVSHHGUHGXFWLRQSRLQWRUWRUHGXFHWKHSRWHQWLDOHQHUJ\ZKHQ
WUDYHOOLQJ GRZQ D VORSH 6R HQHUJ\ FRQVXPSWLRQ RQ WKH URXWH LQFUHDVHV ZKHQ WKHUH LV DQ LQFUHDVH LQ
VHFWLRQVUHTXLULQJEUDNLQJ
831 Ignacio González-Franco and Alberto García-Álvarez /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  827 – 837 
7KLV PRGHO ILUVWO\ FRQVLGHUV WKRVH IRUFHV WKDW DFW DJDLQVW WKH PRYHPHQW RI YHKLFOHV LH UROOLQJ
UHVLVWDQFHFXUYHUHVLVWDQFHUHVLVWDQFHGXHWRDLULQWDNHGUDJVDQGWKDWZKLFKLVGLVVLSDWHGLQWKHEUDNH
WRVXEVHTXHQWO\HVWLPDWHWKHHQHUJ\UHTXLUHGWRRYHUFRPHWKLVUHVLVWDQFH*DUFtDÈOYDUH]

)LQDOO\ WKH UHVXOWLQJHQHUJ\ &(5FRQVLVWVRI IRXUGLIIHUHQW W\SHVRIFRQVXPSWLRQ WKDW RFFXU LQ WKH
PRYHPHQWRIYHKLFOHVDQGZKLFKDUHH[SUHVVHGDVIROORZV
DX[SF5D(5 ((((&    
7KLV DUWLFOH ZLOO RQO\ VSHFLI\ WKH PHWKRGRORJ\ XVHG IRU FDOFXODWLQJ SRWHQWLDO DQG NLQHWLF HQHUJ\
EHFDXVHWKH\DIIHFWWKHVXEMHFWPDWWHUDQGLWVVSHFLILFDWLRQSURYLGHVWKHNQRZOHGJHQHFHVVDU\WRYLVXDOL]H
WKHSUREOHP
(QHUJ\GLVVLSDWHGRUUHJHQHUDWHGLQEUDNLQJ
:KHQ PRYLQJ WKH WUDLQ KDV NLQHWLF HQHUJ\ VWRUHG WKDW LV XVHG LQ EUDNLQJ WR SURGXFH WRUTXH LQ WKH
RSSRVLWHGLUHFWLRQWRWUDFWLRQDQGZKLFKKHOSVWREUDNHWKHWUDLQ
,Q HOHFWULF WUDFWLRQ G\QDPLF EUDNH DSSOLFDWLRQ ZKLFK LQ WKLV FDVH LV FDOOHG HOHFWULF EUDNH KDV WKH
SULPDU\ FRQVHTXHQFH RI EUDNLQJ WKH WUDLQ EXW LW DOVR KDV WKH HIIHFW RI JHQHUDWLQJ HOHFWULFLW\ ZKLFK LV
LPSRUWDQWLQFHUWDLQFDVHVLQWKHHQHUJ\EDODQFHRIWKHUDLOZD\
7KHUH LV D NLQG RI HOHFWULF EUDNH ZKLFK RQO\ VRPH WUDLQV DUH HTXLSSHG ZLWK FDOOHG UHJHQHUDWLYH
EUDNLQJZKLFKDOORZV WKHXVHDQGUHWXUQRI WKHHQHUJ\JHQHUDWHGGXULQJEUDNLQJ2Q WUDLQV WKDWGRQRW
KDYHWKLVEUDNLQJV\VWHPWKHHOHFWULFLW\SURGXFHGE\WKHHOHFWULFEUDNHLVDOZD\VGLVVLSDWHGLQUHVLVWRUVLQ
WKHWUDLQLWVHOIWKHVRFDOOHGUKHRVWDWLFEUDNH
(OHFWULFDOHQHUJ\JHQHUDWHG LQ WKHEUDNLQJSURFHVV LVQRWXVXDOO\VWRUHG LQ WKH WUDLQ LWVHOI H[FHSW IRU
EDWWHU\SRZHUZKLFK LVQRWXVXDOO\D VLJQLILFDQWFRQVXPSWLRQ LWHP7KHUHIRUH LI WKH WUDLQ LVHTXLSSHG
ZLWKDUHJHQHUDWLYHEUDNLQJV\VWHPLWILUVWRIDOOWULHVWRKDUQHVVHQHUJ\IRUSRZHULQJDQFLOODU\VHUYLFHV
GRLQJWKLVDVIDUDVLWFDQ,IDQFLOODU\VHUYLFHVUHTXLUHOHVVHQHUJ\WKDQZKDWWKHWUDLQLVJHQHUDWLQJLQWKH
EUDNLQJSURFHVVWKHWUDLQWULHVWRVHQGVXUSOXVHOHFWULFLW\WRWKHFDWHQDU\,IWKHODWWHUDFFHSWVLWGXHWR
SRWHQWLDOFRQVXPSWLRQH[LVWLQJDWWKHVDPHWLPHDVUHJHQHUDWLRQRUUHYHUVLEOHVXEVWDWLRQVLWFDQEHXVHG
IRUWKHPRYHPHQWRIRWKHUWUDLQVRUEHUHWXUQHGWRWKHQHWZRUN,IWKHFDWHQDU\GRHVQRWDFFHSWWKHHQHUJ\
UHWXUQHGLWLVGLVVLSDWHGDVKHDWHQHUJ\LQDUHVLVWRUORFDWHGLQWKHUKHRVWDWLFEUDNHRQWKHWUDLQ
.LQHWLFHQHUJ\GLVVLSDWHGLQVSHHGUHGXFWLRQV(F5HG9
(QHUJ\GLVVLSDWHGEHFDXVHRIVSHHGUHGXFWLRQVFDQEHFDOFXODWHGDVWKHNLQHWLFHQHUJ\GLVVLSDWHGE\D
WUDLQWUDYHOOLQJDWDFHUWDLQVSHHGRSHUDWLQJVSHHGDQGZKLFKFKDQJHVWR]HURVSHHGWUDLQVWRSSHG,WLV
REWDLQHGIURPWKHIROORZLQJH[SUHVVLRQ
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GHFHOHUDWLRQRFFXUV

> @ > @ > @> @ )6

RS
)6

23

)6

RS
SDUDGDVUDYG 

GHFHO
9&
GHFHO
9%
VPGHFHO
KNP9GD1$1N:K( »»¼
º
««¬
ª



 
 

3RWHQWLDOHQHUJ\GLVVLSDWHGLQEUDNLQJRQVORSHV(SGI
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:KHQDWUDLQWUDYHOVGRZQDVORSHWKHIRUFHWKDWGULYHVWKHWUDLQLVWKHIRUFHRIJUDYLW\LILWLVJUHDWHU
WKDQ WKHRSSRVLQJ IRUFH GUDJ WKH WUDLQ WHQGV WR DFFHOHUDWH ,I WKH WUDLQ UHDFKHV D VSHHG DERYH WKH OLQH
VSHHGWKHEUDNHPXVWEHXVHGWRPDLQWDLQWKHVSHHG
7KHHQHUJ\XVHGLQWKLVSURFHVVLVWKHSRWHQWLDOHQHUJ\XVHGWRRYHUFRPHGUDJSOXVWKHSRWHQWLDOHQHUJ\
GLVVLSDWHGLQWKHEUDNH7KHH[SUHVVLRQXVHGIRUWKHFDOFXODWLRQRIWKLVHQHUJ\LVDVIROORZV
> @ > @ > @ > @ > @  NP/PPP3VPW0KJ0N:K( UDPSDFDUJSRW u     
7KH HQHUJ\ GLVVLSDWHG LQ WKH EUDNH EHFDXVH WKH VORSH LV JUHDWHU WKDQ WKH HTXLOLEULXP VORSH WKH RQH
ZKLFK PDLQWDLQV WKH VSHHG RI WKH WUDLQ ZLWKRXW DQ\ WUDFWLRQ RU EUDNLQJ LV FDOFXODWHG LQ WKH IROORZLQJ
H[SUHVVLRQ
> @ > @ > @ > @ > @    NP/NPPPH[F3HQGVPW0N:K( FDUJSRW)    

:KHUHH[F3HQGLVWKHVSHFLILFH[FHVVKHLJKWLWLVGHILQHG*DUFtDÈOYDUH]WKHQDVWKHVXPWRWDO
RIHDFKGLIIHUHQFH >LQ PPPNP@EHWZHHQ WKHDFWXDO VORSH SUDQG WKHHTXLOLEULXPVORSHRQVHFWLRQV
ZKHUHWKHHTXLOLEULXPVORSHLVJUHDWHUWKDQWKHDFWXDORQHPXOWLSOLHGE\WKHOHQJWKZKHUHWKLVGLIIHUHQFH
H[LVWVDQGGLYLGLQJWKDWVXPE\WKHWRWDOOHQJWKRIWKHURXWH
(QHUJ\UHFRYHUHGIURPUHJHQHUDWLYHEUDNLQJ
,QWKHHYHQWWKDWWKHWUDLQKDVUHJHQHUDWLYHEUDNLQJWKHIROORZLQJH[SUHVVLRQLVXVHG
> @ > @ > @ > @    NP/H[F3HQGVPW0ȕN:K( FDUJSRW)     

ȕ LV D FRHIILFLHQW VKRZLQJ WKDW WKLV HQHUJ\ UHWXUQHG LV D SHUFHQWDJH RI WKH HQHUJ\ GLVVLSDWHG LQ WKH
EUDNH7KHUHIRUHWKHWRWDOHQHUJ\GLVVLSDWHGLQEUDNLQJLVDVIROORZV
> @   > @ > @ > @    NP/H[F3HQGVPW0ȕN:K( FDUJSRW)     
3RWHQWLDOHQHUJ\GXHWRWKHGLIIHUHQFHLQKHLJKW(SG$
)LQDOO\ZHPXVWFRQVLGHUWKHSRWHQWLDOHQHUJ\GXHWRWKHGLIIHUHQFHLQKHLJKWEHWZHHQWKHHQGVRIWKH
URXWHDQGZKLFKLVFDOFXODWHGXVLQJWKHIROORZLQJIRUPXOD
> @ > @ > @ > @ PGLI$OWXUDVPW0N:K( FDUJGSRW)UHQ3HQ       
$OWHUQDWLYHSURSRVDO,QFUHDVHGVSHHGRQGRZQZDUGVORSHV
/HW¶V VXSSRVH WKDW DV SURSRVHG WKH PD[LPXP WUDLQ VSHHG LV WKH RQH WKDW FDQ EH DFKLHYHG ZLWKRXW
H[FHHGLQJWKHFRQGLWLRQVDQGG\QDPLFYDOXHVDQGRQHWKDWDOORZVEUDNLQJRYHUWKHQHFHVVDU\OHQJWKVRQ
WKHVWHHSHVWVORSHV,QWKLVFDVH
x 2QXSZDUGVORSHVDQGOHYHOWUDFNVHFWLRQVWKHVLWXDWLRQZRXOGEHLGHQWLFDOWRWKHFXUUHQWVLWXDWLRQ
LHUXQQLQJDWWKHVDPHVSHHG
x 2QGRZQZDUGVORSHVWKHWUDLQFRXOGJRIDVWHUWKDQVWLSXODWHGZKLFKOHDGVWRDUHGXFWLRQLQWUDYHO
WLPHDQGIXUWKHUPRUHWKHWUDLQZRXOGQRWKDYHWREUDNHVRPXFKWKHUHE\UHGXFLQJHQHUJ\
FRQVXPSWLRQHVSHFLDOO\LQWKHDEVHQFHRIUHJHQHUDWLYHEUDNLQJ
7KHUHIRUHE\DOORZLQJDQLQFUHDVHLQPD[LPXPVSHHGRQGRZQZDUGVORSHVZHFRXOGDFKLHYH
 $GHFUHDVHLQHQHUJ\FRQVXPSWLRQDOORZLQJDQLQFUHDVHLQVSHHGRQVORSHVPHDQVWKDWWKHWUDLQ
GRHV QRW KDYH WR EUDNH WRPDWFK WKHPD[LPXP VSHHG1RW EUDNLQJPHDQV QRW GLVVLSDWLQJ HQHUJ\7KLV
QRQGLVVLSDWHGHQHUJ\LVXVHGWRPDLQWDLQRULQFUHDVHVSHHG
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 'HSHQGLQJRQZKDWWKHDLPLVLQFUHDVLQJWKHVSHHGRQGRZQZDUGVORSHVOHDGWRWKUHHGLIIHUHQW
VFHQDULRVDOORIWKHPDGYDQWDJHRXV
 $UHGXFWLRQLQWUDYHOWLPH7KHSRVVLELOLW\RIJRLQJIDVWHURQFHUWDLQVHFWLRQVRIWKHOLQH
PHDQVDUHGXFWLRQLQWUDYHOWLPH
 $GGLWLRQDO HQHUJ\ VDYLQJV%\PDLQWDLQLQJ WKH WUDYHO WLPH LW LV SRVVLEOH WKDW WKH WLPH
JDLQHGRQ WKHGRZQZDUG VHFWLRQV EHFDXVH WKH WUDLQ LV UXQQLQJ IDVWHUZRXOG UHGXFH WKH VSHHGRQ OHYHO
WUDFNDQGXSZDUGVHFWLRQVUHVXOWLQJLQVDYLQJVLQDGGLWLRQWRWKHDERYHLQHQHUJ\FRQVXPSWLRQ
 5HGXFHWKHSRZHURIWKHWUDLQVWKLVZLOOUHGXFHWKHPD[LPXPUXQQLQJVSHHGRQXSZDUG
VHFWLRQVEXWDVLQWKHSUHYLRXVFDVHWKLVORVVRIWLPHZLOOEHRIIVHWE\WKHLQFUHDVHGVSHHGRQGRZQZDUG
VHFWLRQVZKLFKZRXOGPDLQWDLQWUDYHOWLPHZLWKUHGXFHGFRVWVE\KDYLQJOHVVSRZHUWKHWUDLQVZRXOGFRVW
OHVV
(QHUJHWLFHIIHFWRILQFUHDVHGVSHHG
,WKDVEHHQDUJXHGWKDWLQFUHDVLQJVSHHGRQGRZQZDUGVORSHVFDQUHGXFHHQHUJ\FRQVXPSWLRQ7KLVLVD
GLUHFWUHVXOWRIOHVVXVHRIWKHEUDNHDQGVLQFHWKHHQHUJ\GLVVLSDWHGLQEUDNLQJLVORVWUHGXFHGEUDNHXVH
PHDQVOHVVHQHUJ\ORVVDQGVROHVVQHHGWRLPSRUWHQHUJ\
*DUFtDÈOYDUH]$ EKDVFDOFXODWHG WKHGLIIHUHQFH LQ WKHFRQVXPSWLRQRIHQHUJ\GLVVLSDWHGE\
EUDNLQJRQVORSHVRQWKH0DGULG%DUFHORQDOLQHIRUD7DOJRFODVVWUDLQGHSHQGLQJRQWKHPD[LPXP
VSHHG,WFDQEHVHHQWKDWDWDPD[LPXPVSHHGRINLORPHWUHVSHUKRXUWKHGLVVLSDWHGHQHUJ\ORVVRQ
VORSHVLVNLORZDWWKRXUVZKLOHDWNLORPHWUHVSHUKRXUWKHORVVLVRQO\NLORZDWWKRXUV

7DEOH%UDNLQJHQHUJ\GLVVLSDWLRQRQVORSHVRQWKH0DGULG%DUFHORQDURXWH6RXUFH*DUFtD$OYDUH]$
([FHVVKHLJKW
PPNP (QHUJ\ORVW ([FHVVKHLJKW  (QHUJ\ORV W
N:K PPNP N:K N:K
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
*UDGLHQW RIUHSRVH
PPP6SHHG %RWKGLUHFWLRQVN:K
0DGULG%DUFHORQD %DUFHORQD0DGULG
,QFLGHQFLDGH ODYHORFLGDGPi[LPDHQODSHQGLHQWHGHHTXLOLEULRHOH[FHVRGHDOWXUD \HOFRQVXPRGHHQHUJtD

,WVKRXOGEHVWUHVVHGWKDWE\LQFUHDVLQJWKHPD[LPXPVSHHGRQGRZQZDUGVORSHVDVPHQWLRQHGDERYH
WKHWUDLQVZLOOEUDNHOHVVDQGWKHUHWXUQRIHQHUJ\SURGXFHGZLWKUHJHQHUDWLYHEUDNLQJZLOOEHOHVV,HWKH
HQHUJ\UHWXUQHGLQWKHRYHUDOOURXWHFDOFXODWLRQLVORZHUWKDQLQFDVHVZLWKRXWDQ\UHJHQHUDWLYHEUDNLQJ
$V DQ H[DPSOH RI WKH UHGXFWLRQ LQ HQHUJ\ FRQVXPSWLRQ FDXVHG E\ LQFUHDVHG VSHHG RQ GRZQZDUG
VHFWLRQVWKH0DGULG%DUFHORQDKLJKVSHHGOLQHKDVEHHQXVHGDJDLQFXUUHQWO\WKLVOLQHLVRSHUDWHGDW
NPKEXWWKHGHVLJQHGVSHHGLVNPKEXWLWZLOOQRZEHVLPXODWHGZLWKD6LHPHQVFODVVWUDLQV
WKLVYHKLFOHZDVKRPRORJDWHGWRUHDFKNPKVLQFHWKLVLVWKHWUDLQXVHGWRGD\IRUWKLVURXWH$
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NP VHFWLRQ 0HGLQDFHOL&DODWD\XG IURP WKH ZKROH OLQH KDV EHHQ VHOHFWHG GXH LW EHLQJ D PRVWO\
GRZQZDUGVHFWLRQDQGYHU\ORQJ


)LJ'LDJUDPRIHOHYDWHGSURILOHVRIWKH0DGULG%DUFHORQDKLJKVSHHGOLQH6RXUFH/XLV(0HVD

7KHWUDYHOWLPHDQGHQHUJ\KDVEHHQGHWHUPLQHGIRUWZRFDVHV
%\OLPLWLQJVSHHGRQGRZQZDUGVORSHVDVLVWKHFDVHWRGD\WRNPKE\VWRSSLQJWKHWUDLQIURP
UXQQLQJIDVWHURQGRZQZDUGVHFWLRQWKHIROORZLQJUHVXOWVDUHREWDLQHG

7DEOH(QHUJ\FRQVXPSWLRQDQGWUDYHOWLPHRQWKH0HGLQDFHOL&DODWD\XGVHFWLRQE\OLPLWLQJWKHPD[LPXPVSHHGWRNPKRQ
DOOVHFWLRQV
.LOyPHWUH &RQWURO3RLQW $UULYDO 6SHHG &RQVXPSWLRQ &RQXPSWLRQDX[ (UHJHQHUDWLYHEUDNLQJ
NPK N:K N:K N:K
 3%0HGLQDFHOL     
 3%/$UFRVGH-DOyQ     
 3%/6DQWD0GHOD+XHUWD     
 $SW$UL]D     
 3%/&HWLQD     
 3%$OKDPDGH$UDJyQ     
 3%/$WHFD     
 &DODWD\XG     
7RWDO  
$OORZLQJ WKH WUDLQ WR UXQ DW D KLJKHU VSHHG RQ GRZQZDUG VHFWLRQV 7KLV VSHHG PXVW EH DFKLHYHG
ZLWKRXWWUDFWLRQRUEUDNHDSSOLFDWLRQ
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7DEOH(QHUJ\FRQVXPSWLRQDQGWUDYHOWLPHRQWKH0HGLQDFHOL&DODWD\XGVHFWLRQE\LQFUHDVLQJWKHVSHHGRQVORSHV
.LOyPHWUH &RQWURO3RLQW $UULYDO 6SHHG &RQVXPSWLRQ &RQXPSWLRQDX[ (UHJHQHUDWLYHEUDNLQJ
NPK N:K N:K N:K
 3%0HGLQDFHOL     
 3%/$UFRVGH-DOyQ     
 3%/6DQWD0GHOD+XHUWD     
 $SW$UL]D     
 3%/&HWLQD     
 3%$OKDPDGH$UDJyQ     
 3%/$WHFD     
 &DODWD\XG     
7RWDO  
)ROORZLQJWKHUHVXOWVLWFDQEHVHHQWKDWHQHUJ\FRQVXPSWLRQLVUHGXFHGE\DSSUR[LPDWHO\
N:K RQ WKLV VHFWLRQ RI WKH OLQH DQG LQ WKLV FDVH ZKLFK LQ WXUQ LPSOLHV D  UHGXFWLRQ LQ WRWDO
FRQVXPSWLRQ E\ WKLV WUDLQ RQ WKLV URXWH  N:K WKH WUDYHO WLPH DOVR EHLQJ UHGXFHG EXW WR D
OHVVHU H[WHQW DSSUR[LPDWHO\  VHFRQGV ,W LV DOVR VKRZQ KRZ LQFUHDVLQJ WKH VSHHG RQ WKH GRZQZDUG
VORSHVGHFUHDVHVWKHHQHUJ\UHWXUQHGHQHUJ\GLVVLSDWHGLQUHJHQHUDWLYHEUDNLQJ
,QWKLVFDVHZHDUHFRQVLGHULQJWKDWDOOWKHUHJHQHUDWHGHQHUJ\LVORVWDOWKRXJKUHJHQHUDWHGHQHUJ\ZDV
DOVRFDOFXODWHGLQWKHH[DPSOHEXWLQDVFHQDULROLNH6SDQLVKKLJKVSHHGLQZKLFKPRVWEUDNLQJHQHUJ\
LV UHJHQHUDWHGWDNLQJDZD\ WKH ORVVHV WKDWRFFXU LQ WKHFDWHQDU\ WUDQVIRUPDWLRQ DQGUHWXUQHG WR WKH
JULG WKHVH UHVXOWV DQG FRQFOXVLRQV PXVW EH TXDOLILHG GHSHQGLQJ RQ WKH H[WHQW DQG SHUIRUPDQFH RI WKH
UHJHQHUDWLRQSURFHVV
&RQFOXVLRQ
(IIHFWRILQFUHDVHGVSHHGRQWUDYHOWLPH
,W LVXQGHUVWDQGDEOHWKDW LIDYHKLFOHFDQJRIDVWHUEHWZHHQWZRSRLQWV LWZLOO WDNHOHVVWLPHWRWUDYHO
WKDWGLVWDQFH7KHHIIHFWFDXVHGE\LQFUHDVLQJVSHHGRQGRZQZDUGVORSHVPHDQVVDYLQJWLPHLQWKHRYHUDOO
URXWH FDOFXODWLRQ VLQFH WKH WLPHZLOO UHPDLQ WKH VDPH RQ OHYHO WUDFN DQG XSZDUG VHFWLRQV EXW ZLOO EH
UHGXFHGRQGRZQZDUGVHFWLRQV
7KLV UHGXFWLRQ LV QRW DV SURQRXQFHG DV LQ WKH FDVH RI WKH HQHUJ\ FRQVXPSWLRQ UHGXFWLRQ VLQFH WKH
PD[LPXPVSHHGV WKDW FDQEH DFKLHYHG DUHQRWPXFKKLJKHU WKDQ WKHPD[LPXP VSHHGV HVWDEOLVKHG DQG
DOVRWKHUHDUHQRWPDQ\ORQJWUDFNVHFWLRQVRQZKLFKLWZLOOEHSRVVLEOHWRUXQDWKLJKHUVSHHGV
,WVKRXOGEHVWUHVVHGWKDWLWLVDPHDVXUHPHQWWKDWGRHVQRWHQWDLODQ\DGGHGFRVWHLWKHULQLQYHVWPHQW
RURSHUDWLQJWKHUHE\LQFUHDVLQJWKH³LQIUDVWUXFWXUHYDOXH´
(IIHFWRILQFUHDVLQJVSHHGWRPDLQWDLQWUDYHOWLPH
$QRWKHU DOWHUQDWLYH WKDW DOORZV LQFUHDVHG VSHHG RQ GRZQZDUG VORSHV LV EHLQJ DEOH WR PDLQWDLQ WKH
WUDYHO WLPH RQ D URXWH GXH WR D UHGXFWLRQ LQ WKH PD[LPXP UXQQLQJ VSHHG RQ OHYHO WUDFN DQG XSZDUG
VHFWLRQV7KLVZLOOPHDQWKDWWKHWLPHORVWRQWKHVHVHFWLRQVLVRIIVHWE\WKHJDLQWKDWRFFXUVRQGRZQZDUG
VHFWLRQV
)XUWKHUPRUH WKLVDOWHUQDWLYHZLOOPHDQDGGLWLRQDOHQHUJ\VDYLQJVVLQFHUXQQLQJDWDORZHUPD[LPXP
VSHHGFDXVHVHQHUJ\FRQVXPSWLRQWREHORZHUORZHUGUDJ
$QRWKHU DOWHUQDWLYH WRPDLQWDLQ WKH WUDYHO WLPH LV WKH UHGXFWLRQ LQ WUDLQ SRZHU 7KLV ZLOO PHDQ WKDW
WUDLQV KDYH OHVV IRUFH RQ OHYHO WUDFN DQG XSZDUG VHFWLRQV FDXVLQJ D GHFUHDVH LQ VSHHGZKLFKZLOO EH
RIIVHWE\WKHKLJKHUPD[LPXPVSHHGRQGRZQZDUGVHFWLRQV
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7KLVKDVWKHJUHDWDGYDQWDJHRIQRWRQO\UHGXFLQJHQHUJ\FRQVXPSWLRQEXWDOVRWUDLQFRVWVVLQFHWUDLQV
ZLOOQRWQHHGWREHDVSRZHUIXOWRDFKLHYHWKHVDPHWUDYHOWLPH
%XWUHGXFLQJSRZHULVDQDOWHUQDWLYHWKDWDOVRKDVDQXPEHURIGUDZEDFNVIRUH[DPSOHORZHUSRZHU
WUDLQVKDYHOHVVHOHFWULFEUDNHSRZHUVRWKHWUDLQZLOOQHHGDORQJHUEUDNLQJGLVWDQFHZKLFKLQYROYHVD
ORVVLQOLQHFDSDFLW\7KHUHIRUH WKLVDOWHUQDWLYH OHDGVRQH WRWKLQN WKDW LWFRXOGRQO\EHDSSOLHGRQOLQHV
ZKHUHWKHUHLVHQRXJKFDSDFLW\RUQRFDSDFLW\SUREOHPV
3RVVLEOHWHFKQRORJLFDODGYDQFHVLQVLJQDOOLQJDQGLQWKHLPSURYHPHQWRIEUDNLQJGHFHOHUDWLRQVVXJJHVW
WKDWWKHSUREOHPRIWKHFDSDFLW\ORVWZLOOEHVXFFHVVIXOO\UHVROYHGZLWKWKHSDVVLQJRIWLPH,QFUHDVLQJWKH
PD[LPXPVSHHG LVD QHFHVVLW\ WKDWZLOO UHGXFH MRXUQH\ WLPHVDQGKHOSDWWUDFW WUDYHOOHUV WR WKH UDLOZD\
KHQFHVROYLQJWKHEUDNLQJGLVWDQFHSUREOHPLVFRQVLGHUHGDSULRULW\
,QUHFHQW\HDUV UHVHDUFKKDVEHJXQ WR IRFXVRQ WKLVSUREOHPDQG WKH ILUVW VROXWLRQVDUHEHJLQQLQJ WR
DSSHDU )RU H[DPSOH WKH LQWURGXFWLRQ RI WKH (5706  VLJQDOOLQJ V\VWHP ZKLFK SHUPLWV PRYHPHQW
DXWKRUL]DWLRQV XS WR WKH ODVW VKRUW WUDFN FLUFXLW RFFXSLHG E\ WKH ILUVW WUDLQ FRQVLGHUDEO\ UHGXFHV WKH
EUDNLQJGLVWDQFHLQUHODWLRQWRRWKHUVLJQDOOLQJV\VWHPV
$XWKRUVVXFKDV$XODJQLHU	6DUUD]LQFODLPWKDWLWLVSRVVLEOHWRJRIURPNLORPHWUHVSHU
KRXU WRNLORPHWUHVSHU KRXUZLWKRXW DQ LQFUHDVH LQEUDNLQJGLVWDQFH WKDQNV WR WKHXVHRI WKH ODWHVW
EUDNLQJWHFKQRORJ\
0DQ\ VWXGLHV VWDWH WKDW WKH VROXWLRQ OLHV LQ DFKLHYLQJ KLJK HPHUJHQF\GHFHOHUDWLRQV$FFRUGLQJ WR D
VWXG\FDUULHGRXWE\(PHU\	(3)//,7(3WKHFRPELQHGXVHRIHGG\FXUUHQWEUDNHVDGKHVLRQ
EUDNH DQG WKH GHFHOHUDWLRQ FDXVHG E\ UROOLQJ UHVLVWDQFH FDQ SURGXFH PLQLPXP HPHUJHQF\ EUDNH
GHFHOHUDWLRQVRIPVWKXVDOORZLQJWKHEUDNLQJGLVWDQFHWREHJUHDWO\UHGXFHG
,QFRQFOXVLRQLIWKHPD[LPXPVSHHGRIDWUDLQLVHVWDEOLVKHGDVWKHRQHWKDWDOORZVLWVG\QDPLFVDQG
EUDNLQJDUHGXFWLRQLQHQHUJ\FRQVXPSWLRQDQGWUDYHOWLPHVFRXOGRFFXU
,QIDFWWKHWUDLQFRXOGUXQDWDKLJKHUPD[LPXPVSHHGWKDQWKHRQHHVWDEOLVKHGWRGD\RQVHFWLRQVZLWK
GRZQZDUG VORSHV 7KLV ZRXOG VOLJKWO\ UHGXFH WKH WUDYHO WLPH VLQFH WKH WUDLQ UXQV DW KLJKHU VSHHGV RQ
WKHVHGRZQZDUGVORSHVDQGLWZRXOGDOVRUHGXFHWKHHQHUJ\FRQVXPHGVLQFHLWEUDNHVOHVVRQGRZQZDUG
VORSHV
7KLV LQFUHDVH ZRXOG JLYH XV RWKHU DGYDQWDJHRXV DOWHUQDWLYHV VXFK DV UHGXFLQJ WKH SRZHU RI WUDLQV
ZKHQ LW FRPHV WR WKHLU GHVLJQ RU UHGXFLQJ WKH PD[LPXP VSHHG RQ OHYHO WUDFN DQG XSZDUG VHFWLRQV
$OORZLQJ XV LQ WKLV ZD\ WRPDLQWDLQ WKH VDPH WUDYHO WLPH DQG UHGXFH ERWK WUDLQ FRVWV DQG WKH HQHUJ\
FRQVXPHG
$OOWKHVHDGYDQWDJHVZLOOOHDGWRDQLQFUHDVHLQLQIUDVWUXFWXUHYDOXHEXWLWVKRXOGQRWEHIRUJRWWHQWKDW
LQFUHDVLQJVSHHGRQGRZQZDUGVORSHVVRPHWLPHVHQWDLOVORVWFDSDFLW\VRLWLVLPSRUWDQWWRVWXG\WKHOLQHV
DQGFDVHVZKHUHLWFRXOGEHDSSOLHGLQGHWDLO
5HIHUHQFHV
$XODJQLHU&	6DUUD]LQ-$FKLHYLQJWKHVDPHKHDGZD\ZKLOVWLQFUHDVLQJWKHVSHHGIURPWRNPKWK:RUOG
&RQJUHVVRQ5DLOZD\5HVHDUFKLQ/LOOH

(PHU\'	(3)//,7(35HGXFLQJWKHKHDGZD\RQKLJKVSHHGOLQHVWK6ZLVV7UDQVSRUW5HVHDUFK&RQIHUHQFH

*DUFtDÈOYDUH]$D³'LQiPLFDGHORVWUHQHVHQDOWDYHORFLGDG´0DGULG)XQGDFLyQGHORV)HUURFDUULOHV(VSDxROHV
HGLFLyQ

*DUFtDÈOYDUH]$D³(QHUJtD\HPLVLRQHVHQHOWUDQVSRUWHSRUIHUURFDUULO´0DGULG)XQGDFLyQGHORV)HUURFDUULOHV
(VSDxROHVHGLFLyQ,6%1±±±

*DUFtDÈOYDUH]$0DUWtQ&DxL]DUHV0GHO30RQRJUDItD³8VRGHODHQHUJtDHQHOWUDQVSRUWH´0DGULG)XQGDFLyQGH
ORV)HUURFDUULOHV(VSDxROHV
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*RQ]iOH])UDQFR,	*DUFtDÈOYDUH]$(IHFWRVGHOFDPELRGHFULWHULRHQODGHILQLFLyQGHODYHORFLGDGPi[LPDGHOWUHQHQ
HOFRVWHGHOYHKtFXORWLHPSRVGHYLDMH\FRQVXPRGHHQHUJtD3DSHUSUHVHQWHGDWWKH9,&RQJUHVRGH,QQRYDFLyQ)HUURYLDULD
0iODJD

/ySH]3LWD$³([SORWDFLyQGHOtQHDVGHIHUURFDUULO´HG83&FROHFFLyQ777,6%1($1
5HIHUHQFHV

